Abstract. The eyes absent homologue 2 (EYA2) is a dualfunctional transcription factor/phosphatase that plays a critical role in neoplasia. The precise effects of EYA2 remain elusive in non-small cell lung cancer (NSCLC). In the present study, we examined EYA2 expression in NSCLC cell lines and a normal pulmonary epithelial cell line. We found that EYA2 was aberrantly upregulated in the lung adenocarcinoma cells. Therefore, we studied the methylation status of the eya2 gene in a lung adenocarcinoma cell line, a normal pulmonary epithelial cell line and lung adenocarcinoma tissues. Furthermore, the eya2 gene was knocked down in lung adenocarcinoma cells via RNA interference to investigate the regulatory role of EYA2; specifically, cell proliferation, cell cycle distribution, apoptosis, migration and invasive capacities were assessed in tje EYA2-knockdown cancer cells. The results showed that the aberrant hypomethylation and overexpression of the eya2 gene were associated with lung adenocarcinoma oncogenesis. In addition, inhibition of EYA2 expression suppressed tumour cell growth by altering the proliferation, cell cycle distribution, apoptosis, migration and invasive capacities of the cells. These findings demonstrated that EYA2 functions as a stimulant in lung adenocarcinoma pathogenesis and may facilitate the development of novel diagnostic targets and therapy strategies for lung adenocarcinoma.
Introduction
Lung cancer is the most common cause of cancer-related mortality in humans and is characterised as either nonsmall cell lung cancer (NSCLC) or small cell lung cancer (SCLC) based on the histological type, size and appearance of the malignant cells (1) . NSCLC cases comprise ~80% of all lung cancer cases. NSCLC is a heterogeneous cancer that can be classified into three major subtypes: lung squamous carcinoma, lung adenocarcinoma (LAC) and large cell carcinoma (2) . Common lung cancer treatment includes chemotherapy, surgery and radiotherapy. Due to the lack of an efficient diagnostic procedure for early-stage lung cancer the majority of lung cancer patients are diagnosed with end-stage disease, resulting in undesirable therapeutic outcomes. A biomarker-driven approach in the pre-metastatic phase could aid cancer diagnosis. However, current markers, such as Th19 fragment antigen 21-1 and neuron-specific enolase, have only aided in the diagnosis of 37.3% of lung cancer patients (3) .
Recently, DNA methylation, a promising biomarker in cancer diagnosis, was found to be significantly associated with tumour formation. DNA methylation can regulate gene expression via complex mechanisms (4) . For instance, hypermethylated cytosines inhibit the combination of DNA and trans-acting factors in the context of cytosine-guanine dinucleotides (CpGs), while demethylated cytosines promote this combination. In cancer cells, CpG islands located in the promoter of tumour-suppressor genes and 'housekeeping̓ genes become hypermethylated, which decreases the expression of these genes and in turn activates oncogenes (5-10). Lokk et al observed the hypermethylation of 496 CpGs in 379 genes and hypomethylation of 373 CpGs in 335 genes in NSCLC (7) . Aberrant DNA methylation reportedly serves as a predictive biomarker for the early-stage diagnosis of cancer (9) (10) (11) (12) (13) .
The eyes absent (EYA) protein family is a component of a conserved regulatory network that is involved in cell-fate determination and is associated with cell proliferation and Aberrant hypomethylation and overexpression of the eyes absent homologue 2 suppresses tumor cell growth of human lung adenocarcinoma cells (14) . They encode four EYA proteins in humans, including EYA2, which is required in the retinal determination network and is essential during development. The single nucleotide polymorphisms (SNPs) of the eya2 gene were found to be associated with the overall survival rate of NSCLC patients (15) . Studies suggest that EYA2 is overexpressed in epithelial ovarian cancer, cervical carcinogenesis and breast cancers and its overexpression is correlated with poor prognosis, especially in breast cancer (16) (17) (18) . A recent study revealed that the downregulation of EYA2 by tristetraprolin protein may reduce cell viability (19) . The eya2 gene is reportedly methylated in colorectal cancers but not in normal tissues (20) , and epigenetic silencing of the eya2 gene has been shown to promote pancreatic tumour growth (21) . As a dual-functional transcription factor/phosphatase, EYA2 has been found to regulate cell development, differentiation and mortality and play an important role in DNA damage and repair (22) (23) (24) . However, the fragment of the eya2 gene that was used to conduct the methylation analysis in previous studies included only ~200 bases of the 5'-uTR and little information is available on the methylation status of other CpGs in the eya2 gene. Thus, the precise effect of EYA2 in NSCLC remains unclear, and additional studies of the methylation levels of all CpG islands in the eya2 gene and the precise role of EYA2 in NSCLC are warranted.
In the present study, we evaluated the expression of EYA2 in NSCLC cell lines and a normal lung cell line to identify the association between EYA2 and oncogenesis in NSCLC. We then examined the methylation levels of the eya2 gene in a LAC cell line and human LAC tissues. The results suggest that the aberrant expression and methylation of the eya2 gene are associated with LAC oncogenesis. Transfecting LAC cells with small interfering RNA (siRNA) inhibited the expression of EYA2, and stable knockdown of this gene in cells was verified; these cells were utilised in further research. Furthermore, the proliferation, cell cycle, apoptosis, migration and invasion of cells were assessed. Our data indicated that the inhibition of EYA2 suppressed the growth of tumour cells by attenuating cell proliferation, arresting the cell cycle, increasing apoptosis and repressing cell migration and invasion. Our findings identified the eya2 gene as a cancer-related gene and a potential diagnostic biomarker for LAC.
Materials and methods
Ethics statement. All cells used in the present study were purchased from the American Type Culture Collection and all lung cancer tissues used in the present study were obtained from the First Affiliated Hospital of Kunming Medical university. All experimental protocols were reviewed and approved by the Yunnan university Ethics Committee and all subjects involved in the present study provided informed consent.
Cell culture and sample. The human lung adenocarcinoma cell line A549 (CRM-CCL-185™; ATCC, Manassas, VA, uSA), the human large cell carcinoma cell line H661 (HTB-183D™; ATCC) and the human lung squamous carcinoma cell line SKMES1 (HTB-58™; ATCC), were cultured in Dulbecco's modified Eagle's medium (DMEM) (SH30022; Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% foetal bovine serum (FBS, BI, Au, 04-12-1). The BEAS-2B cell line (CRL-9609™; ATCC), a human normal pulmonary epithelial cell line, was cultured in RPMI-1640 (SH30027; Thermo Fisher Scientific) supplemented with 10% FBS, and 10 paraffinembedded lung adenocarcinoma tissues were obtained from the First Affiliated Hospital of Kunming Medical University. Participants in the present study group ranged from 42 to 61 years of age (mean age of males n=4, 52.25 years; mean age of females n=6, 55.83 years). The patients did not undergo any preoperative chemotherapy or radiotherapy.
Western blot analysis. The total protein of the A549 and BEAS-2B cells was isolated on ice with a Tissue or Cell Total Protein Extraction kit (BSP003; Sangon, Shanghai, China). For each sample, 80 µg of total protein was electrophoresed on a 10% SDS-polyacrylamide gel followed by electrophoretic transfer to a polyvinylidene fluoride membrane. Immunoblotting was performed using an EYA2 (N-16)-specific goat polyclonal antibody (sc-15097; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, uSA). The results were visualised by chemiluminescence with Super Signal West Pico (34080; Thermo Fisher Scientific). The expression level of the target proteins was normalised to the expression of GAPDH (Affinity, USA). The expression data were obtained with Imagej.
Quantitative real-time PCR. Total RNA was extracted from the cultured cells and reverse transcribed using the PrimeScript™ RT reagent kit with gDNA Eraser (RR047; Takara, Otsu, Shiga, japan). The transcription levels of the eya2 gene were quantitatively analysed using real-time PCR (25) on a 7300 Real-Time PCR system with the SYBR Premix Ex Taq™ (RR420, Takara). The amount of target cDNA in each sample was measured by determining a fractional PCR threshold cycle number (Ct) and estimated by interpolating from a standard curve. The standard curve was prepared from known amounts of the corresponding product with the same primer sets and was run on each PCR plate. The transcription levels of the target gene were normalised to the transcription of the GAPDH gene. The primer sequences are shown in Table II .
CpG island analysis. The CpG islands of the eya2 gene were analysed with the Methyl Primer Express v1.0 and MethPrimer software available online (http://www.urogene. org/methprimer/) as follows: a region of >200 bases with a G+C content of at least 50% and a ratio of observed to statistically expected CpG frequencies of at least 0.6 CpG dinucleotides (4).
DNA extraction and bisulphite modification. The DNA was extracted from the cells using the Wizard Genomic DNA purification kit (A1120; Promega, Madison, WI, USA), while the QIAamp DNA FFPE Tissue Kit (50) (56404; Qiagen, Hilden, Germany) was used to extract DNA from paraffin-embedded tissues (2.4 cm 3 of tumour and matching paracancerous tissues). The DNA yield and purity were determined using a NanoDrop 2000 spectrophotometer. From each sample, 500 ng of genomic DNA was bisulphite-modified using a Methyledge™ bisulphite conversion system (1301; Promega) according to the manufacturer's recommendations.
Bisulphite genomic-PCR. The CpG islands of the eya2 gene were produced using nested PCR (26) and detected with agarose gel electrophoresis. The modified DNA was subjected to stage-1 PCR with Tm touchdown from 68 to 48˚C, followed by 20 cycles with Tm of 48˚C. The product of the stage was then used as a template for the stage 2 PCR. Six pairs of primers (Table I ; fragment 1, 2, 3, 4 and 5) were used for the CpG island of the eya2 gene in the cell lines and four pairs of primers (Table I ; fragment 1, 2, 3 and 5) were used for the tissues. The product DNA was visualised on 2% agarose gels and purified with the Takara MiniBEST Agarose Gel DNA Extraction kit ver. 4.0 (9762; Takara).
DNA cloning and sequencing. The purified CpG island DNA was cloned with the pMDTM18-T vector cloning kit (Takara, 6011) and Dh5α competent cells (Takara, 9057). The clone products were sequenced at the Beijing Genomics Institute (BGI, Shenzhen, China). The gene methylation status was analysed with the BIQ Analyser (27) .
Liposome-mediated lung adenocarcinoma cell transfection.
The experiment was divided into three groups: the EYA2-special siRNA-FAM A549 cell group, the negative control-FAM A549 cell group (scrambled) and the untreated A549 cell group (mock). EYA2-specific siRNA sequences were forward, CAGCGAuuGuCuGGAuAAATT and reverse, uuuAuCCAGACAAuCGCuGTT. The scrambled siRNA sequences were forward, UUCUCCGAACGUGUC ACGuTT and reverse, ACGuGACACGuuCGGAGAATT (A10005; GenePharma, Shanghai, China). For liposome transfection, the cells were plated in 6-well plates (1x10 5 /well) 12 h prior to transfection. All siRNAs (5 µg/well) were transfected with Lipofectamine 3000 (L3000001; Invitrogen, Carlsbad, CA uSA).
Cell proliferation assay. The cell viability was evaluated with a 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) colorimetric assay using the CellTiter 96 Aqueous One Solution Cell Proliferation Assay (G3582; Promega) according to the manufacturer's instructions. All groups were dispensed at a density of 1,000 cells/well in 96-well plates with DMEM containing 10% FBS and the corresponding transfection solution after transfection for 48 h. After various intervals of incubation, 40 µl of MTS reagent was added to the medium and incubated for 4 h at 37˚C in 5% CO 2 and the absorbance was then read at 490 nm in a microplate absorbance reader. Reverse transcription was performed using antisense primers and real-time quantitative PCRs were performed using both sense primers and antisense primers.
Cell cycle and apoptosis analysis. To analyse the cell cycle, the cells were collected 48 h after transfection. The cells were then washed with PBS and stained with 50 µg/ml propidium iodide (PI) in the dark at room temperature for 5 min. The intracellular DNA content was analysed using a flow cytometry (Accuri™ C6; BD). To analyse apoptosis, the apoptotic cells were quantified using flow cytometry 72 h after transfection using an Annexin V-FITC/PI Apoptosis Detection kit (556547; BD) according to the manufacturer's instructions. The cells were collected, washed with PBS and re-suspended with 100 µl of 1x Annexin V-binding buffer. The samples were then stained with 5 µl of FITC Annexin V and 5 µl of PI at room temperature for 15 min in the dark. In addition, 400 µl 1x Annexin V-binding buffer was added prior to the flow cytometric analysis.
Migration assay. The migratory ability of the A549 cells was evaluated using the wound healing method, as previously described (28) . Three groups of cells (transfected with 0, 100 or 200 nM siRNA) were grown to confluency in 6-well plates. A line of cells was scraped away in each well using a sterile 200 µl pipette tip. The wells were then immediately filled with 1 ml of DMEM containing 10% FBS and the corresponding transfection reagent.
Immediately after the scratch and at 24 h, two images of five locations of the same scraped area were captured with a microscope set at a magnification x100. The remaining wounded area per image was measured. Three independent experiments were performed.
Invasion assay. The invasive potential of the cells was assessed in a Transwell, which allowed the cells to pass through a polycarbonate membrane (8-µm pore size) coated with Matrigel (356234; Haoran, Shanghai, China). Briefly, the Transwell was coated with Matrigel (2 mg/ml) diluted with serum-free DMEM for 30 min at 37˚C. Three groups of cells (transfected with 0, 100 or 200 nM siRNA) (5x10 4 cells) were then re-suspended in serum-free DMEM (200 µl) and deposited into the upper chamber of each well. The lower chambers were also filled with 750 µl of DMEM containing 10% FBS. The cells were incubated for 24 h at 37˚C in 5% CO 2 . The cells on the upper chamber were removed via gentle scraping. The cells on the lower surface were then fixed with 4% paraformaldehyde for 20 min, followed by Giemsa staining for 20 min in the dark. Four images of the invading cells were captured at a magnification x100 in each well. Three independent experiments were performed.
Statistical analysis. Statistical analysis was carried out using the GraphPad Prism software (version 5.0) (29) , and all results are expressed as the mean ± SD. A t-test was performed to identify the differences in the DNA methylation levels of the eya2 gene between the A549 and BEAS-2B cells. A one-way ANOVA was performed to identify the differences in expression intensities of the EYA2 protein among four groups of examined cells, changes in proliferation, the cell cycle, apoptosis, migration capacity and invasive capability after the knockdown of EYA2 in A549 cells. P-values of <0.05 were considered statistically significant.
Results

Upregulated expression of EYA2 in lung adenocarcinoma cells.
The EYA2 protein expression levels were quantified (Fig. 1A) . The results of the western blot analysis revealed that the expression of EYA2 protein was significantly upregulated 3.2-fold in the A549 cells compared to that in the BEAS-2B cells (P<0.01, Fig. 1B) , while obvious differences were absent in the H661 and SKMES1 cells compared to that in the BEAS-2B cells. The mRNA and protein levels were detected by quantitative real-time RT-PCR and western blot analysis, respectively (n=3/group). The EYA2 mRNA transcriptional level was upregulated 2.1-fold in the A549 cells compared to this level in the BEAS-2B cells and this upregulation was significant (P<0.05, Fig. 1C ).
Aberrant hypomethylation of the eya2 gene in lung adenocarcinoma.
The CpG islands of the eya2 gene are shown in Fig. 2 . The entire eya2 gene sequence, including the 2000-bp upstream region of the TSS, was analysed. CpG islands were not found upstream of TSS and a long fragment of 951 bp (from the 163 bp upstream to the 788 bp downstream of the eya2 gene TSS, containing the upstream region of TSS, 5'-uTR and the first intron) that included 105 CpGs was selected. The selected area was divided into 5 DNA fragments to perform PCR. Five fragment locations and the primers for PCR are listed in Table I. A total of three clones were detected in the two cell lines. The methylation statuses of the eya2 gene in the A549 and BEAS-2B cells are described (Fig. 3A) . The data were corrected for reversed sequences, erroneous bases and identical clones. On average 27 CpG dinucleotides out of 105 CpGs were methylated in the A549 cells and 76 CpGs out of 105 CpGs were methylated in the BEAS-2B cells. The total methylation level of CpGs significantly differed between the A549 and BEAS-2B cells at 25.71 and 72.38%, respectively (P<0.01, Fig. 3B ). Moreover, the methylation level of the A549 cells significantly varied by fragment. Two out of 75 CpGs were methylated in the TSS 163-bp upstream to 433-bp downstream fragment and 30 CpGs were methylated in the TSS 434 to 788 bp downstream fragment; the overall methylation levels were 2.67 and 96.67%, respectively (P<0.01). These two fragments did not significantly differ and the methylation levels were 73.43 and 72.23% in the BEAS-2B cells.
In total, 10 tumour tissues were detected by BSP. The methylation statuses of the tissues are displayed in Fig. 3C , and the data were corrected for reversed sequences, erroneous bases and identical clones. On average, 5 CpG dinucleotides out of 96 CpGs were methylated in the tumour tissues (4 fragments, including 9 CpGs, were excluded because most of the tumour tissues did not yield PCR products). The total methylation levels of the eya2 gene were low in both the A549 cells and tumour tissues compared with the level in the BEAS-2B cells (Fig. 3D) . However, the methylation levels in the tumour tissues were lower than those in the A549 cells at 5.31 and 25.71%, respectively. The obvious difference between the TSS 163-bp upstream to 433-bp downstream fragment and the TTS 434 to 788 bp downstream fragment was absent in the tumour tissues.
To research the significance of EYA2 in LAC, the relevance of EYA2 expression to the methylation status of the eya2 gene was analysed in the A549 and BEAS-2B cells. The distribution of the eya2 gene methylation levels was inversely correlated with the EYA2 expression levels in these two cell lines (Fig. 3E) .
Knockdown of EYA2 effects lung adenocarcinoma cell proliferation by arresting the cell cycle and increasing apoptosis.
To further investigate the biological role of EYA2 in LAC, an RNA interference approach was utilised to downregulate the expression of EYA2 in the A549 cell line. Moreover, we evaluated the knockdown efficiencies of EYA2-specific siRNA-FAM in the A549 cells by flow cytometry and western blot analysis (n=3/group) 48 h after transfection. We detected that 74.80% of the processed cells were successfully transfected with siRNA-FAM (Fig. 4A) . The expression level of EYA2 was significantly decreased in the cells transfected with the EYA2-specific siRNA 48 h after transfection compared with the negative control and the untreated group (Fig. 4B) . The differences between the specific and mock construct and between the specific and scrambled construct were both significant (0.3472 vs. 0.9934, P<0.01 and 0.3472 vs. 0.9925, P<0.01; Fig. 4C ). These results indicated that the EYA2-specific siRNA effectively suppressed EYA2 expression.
We assessed the effects of EYA2 knockdown on the proliferation of A549 cells with an MTS colorimetric assay (n=5/group). Our data revealed that the inhibition of EYA2 significantly inhibited the proliferation of the A549 cells (Fig. 5A ). Our findings demonstrate that EYA2 contributed to the proliferation of A549 cells in vitro.
Because the knockdown of EYA2 by siRNA suppressed the proliferation of A549 cells, we examined whether this effect was mediated by a change in the cell cycle. We detected changes in the cell cycles in the three groups of siRNA-treated cells (specific, scrambled and mock) 48 h after transfection using PI staining and flow cytometry (n=3/group) (Fig. 5B) . The number of cells in the G0/G1 phase was significantly increased and those in the S and G2/M phases were significantly decreased in the cells transfected with the specific siRNA compared to the mock group and the scrambled group (G0 To explore the potential effect of the knockdown of EYA2 on apoptosis in the A549 cells, we examined differences in apoptosis between the three siRNA-transfected groups of cells (specific, scrambled and mock) 60-72 h after transfection using Annexin V-FITC and PI double-staining in conjunction with flow cytometry (n=3/group) (Fig. 5D ). The percentage of apoptotic cells in the specific group was markedly increased compared to the scrambled group and the mock group (7.2 vs. 3.0%, P<0.01 and 7.2 vs. 3.3%, P<0.01; Fig. 5E ). These results imply that the inhibition of EYA2 promoted the apoptosis of the A549 cells.
Downregulation of EYA2 inhibits the migratory and invasive potential of lung adenocarcinoma cells.
A wound healing assay (WH) was used to detect the change in the migratory capability of the A549 cells (Fig. 6A) . After transfection with 100 and 200 nM siRNA for 24 h, the percentages of A549 cells that penetrated the membrane were significantly decreased by 41.70 and 33.41% compared with that in the control group, respectively (P<0.01, Fig. 6B ). These results indicated that the downregulation of EYA2 suppressed the migratory capacity of the A549 cells.
Additionally, we tested the invasive capacity of the A549 cells after the knockdown of EYA2 (Fig. 6C) . After transfection with 100 and 200 nM siRNA for 24 h, the abilities of the cells to enzymatically degrade the Matrigel and migrate to a new site was significantly decreased by 42.63 and 30.13% compared with the control group (P<0.05, Fig. 6D ). Therefore, the results revealed that the knockdown of EYA2 decreased the invasive capacity of the A549 cells.
Discussion
EYA2 is a key regulator that can prevent adverse cardiac remodelling under pressure overload by altering metabolic gene expression and preserving the PI3K/Akt/mTOR signalling pathway (30, 31) . Furthermore, the physical complex of EYA2 and SIx1 plays a critical role in the preservation of mitochondrial integrity in response to pressure overload due to physiological hypertrophy and is essential for mammalian development (32); a loss of this function may cause branchiootorenal (BOR) syndrome (33, 34) . Moreover, EYA2 is associated with G protein-mediated signalling, retinoid-induced limb malformations and hypaxial somitic myogenesis (35) (36) (37) . Thus, EYA2 may exert a key effect on disease development and tumourigenesis. In the present study, we analysed the expression of EYA2 in NSCLC cells and studied the methylation of the eya2 gene in the A549 and BEAS-2B cell lines as well as in LAC tissues. In addition, we knocked down the expression of EYA2 and conducted various functional studies associated with tumour cell growth and metastasis in these cells.
Farabaugh et al found that EYA2 functions as a prometastatic factor in breast cancer (17) . Vincent and his collaborators hypothesised that EYA2 expression is reduced due to epigenetic silencing, which promotes tumour growth in pancreatic cancer (21) . Zou et al reported that EYA2 is hypermethylated in colorectal neoplasms (20) . In the present study, the eya2 gene was hypomethylated in the A549 cell line and cancer tissues and hypermethylated in the BEAS-2B cell line. The results showed that the DNA methylation levels significantly differed between the LAC and the normal control samples. Moreover, the selected intron region significantly differed between the paraffin-embedded tissues and the A549 cell line. The growth environment of the A549 cell line in vitro differs from the in vivo environment and further research is warranted to determine whether the developmental conditions of the cells influence their DNA methylation levels. Furthermore, the EYA2 expression was markedly increased in the lung adenocarcinoma cell line compared with the normal pulmonary epithelial cell line and the relevance of the methylation levels of the eya2 gene and EYA2 expression levels were markedly inversely correlated, which is consistent with a study by Zhang et al (18) . In contrast to previous studies in which the methylation levels of short sequences of the eya2 gene 5'-uTR region were analysed, we analysed the methylation status of the entire CpG islands of the eya2 gene, which containing almost all selected fragments in previously methylated studies of the eya2 gene. Thus, our data constitute conclusive proof of the association between the aberrant methylation of EYA2 and oncogenesis in NSLCL. The function of EYA2 may be organ-or cell-specific. Further studies are warranted to elucidate the complex function of EYA2 in tumours.
Additionally, deregulated cell cycle progression is one of the primary characteristics of human cancer cells (38) . EYA2 was found to increase the expression of c-Myc, cyclin A, D1 and E, which are all involved in G1/S cell cycle progression in breast cancer cells (39) . Clark et al discovered that inappropriate changes in the steady state levels of EYA proteins can trigger programmed cell death during development (40) . To identify the role that EYA2 plays in the function of A549 cells, we knocked down the expression of EYA2 in A549 cells via RNA interference technology in vitro. First, we confirmed that the specific siRNA could efficiently reduce the EYA2 expression in the A549 cells. The proliferation rate of the A549 cells decreased when the endogenous EYA2 was downregulated compared with the control groups. Moreover, we examined the cycle distribution of the A549 cells after the inhibition of EYA2. Our data revealed that the knockdown of EYA2 arrested cells in the G0/G1 phase. Furthermore, the percentage of apoptotic A549 cells was increased when EYA2 was knocked down compared with the control group. Thus, we concluded that reduction of EYA2 may suppress A549 cell proliferation by inhibiting the G1/S transition of the cell cycle and increasing apoptosis. In addition, previous studies also showed that EYA2 is associated with cell proliferation, the cell cycle and apoptosis (41) (42) (43) (44) .
Pandey et al discovered that EYA3, which belongs to the EYA family of proteins, promoted not only tumour cell proliferation, but also their migration and invasion (45) . EYA2 is a homologous protein of EYA3 and may play the same important role in tumour cell metastasis. Therefore, we investigated the effect of EYA2 knockdown on cell migration and invasion in the A549 cells. As expected, downregulation of EYA2 reduced the migratory and invasive capacities of the A549 cells, consistent with prior research by Krueger et al, who implicated EYA2 in tumour development (46) .
In conclusion, we found that the methylation status and expression of the eya2 gene were altered in lung adenocarcinoma and that the knockdown of EYA2 could change various functions in lung adenocarcinoma cells. Previous studies have shown that the eya2 gene may serve as a promising early-stage diagnostic biomarker and key treatment target gene in lung adenocarcinoma. These findings imply the importance of EYA2 in NSCLC development and progression. We plan to explore whether the growth status of tumour cells can deteriorate by specifically modulating the methylation of the eya2 gene. To this end, a large number of specific inhibitors should be screened to ameliorate the aberrant expression of EYA2 in tumour cells and identify an inhibitor that can suppress the growth of tumour cells. Thus, clearly further investigation are required.
